Transgenic mice expressing a pH and Cl- sensing yellow-fluorescent protein under the control of a potassium channel promoter.
During the last few years a variety of genetically encodable optical probes that monitor physiological parameters such as local pH, Ca2+, Cl-, or transmembrane voltage have been developed. These sensors are based on variants of green-fluorescent protein (GFP) and can be synthesized by mammalian cells after transfection with cDNA. To use these sensor proteins in intact brain tissue, specific promoters are needed that drive protein expression at a sufficiently high expression level in distinct neuronal subpopulations. Here we investigated whether the promoter sequence of a particular potassium channel may be useful for this purpose. We produced transgenic mouse lines carrying the gene for enhanced yellow-fluorescent protein (EYFP), a yellow-green pH- and Cl- sensitive variant of GFP, under control of the Kv3.1 K+ channel promoter (pKv3.1). Transgenic mouse lines displayed high levels of EYFP expression, identified by confocal microscopy, in adult cerebellar granule cells, interneurons of the cerebral cortex, and in neurons of hippocampus and thalamus. Furthermore, using living cerebellar slices we demonstrate that expression levels of EYFP are sufficient to report intracellular pH and Cl- concentration using imaging techniques and conditions analogous to those used with conventional ion-sensitive dyes. We conclude that transgenic mice expressing GFP-derived sensors under the control of cell-type specific promoters, provide a unique opportunity for functional characterization of defined subsets of neurons.